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Abstracd The disaster response domain has experienced an of multiple helicopters and grousizhsed resources for safe and
increased focus in recent years due to the rise in number and scale efficient response operations. Until recently, only manned
of events, lessons learned from past experience, and emerging aircraft needed to be coordinatiat mission assignmesiaind

technologies thatmake possible a more coordinated and effective
response. As part of this focus, JAXA and NASA have been
collaborating on the integration of manned and unmanned
aircraft in support of disaster response operations through
integrated testing of their respecive mission planning and
optimization system Disaster Relief Aircraft Information Sharing
Network, or D-NET) and an automated UAS traffic management
system (e.g.UTM). In 2018, JAXA and NASA jointly participated
in a large-scale disaster drill in Japan where the integration of
systems was successfully demonstrated through rei@ine data
exchanges, visualization, and decision making as part dhe
coordinated airspace management of a manned helicopter in VFR
conditions and unmanned small UAS operatig in common areas.
This work details a flight test consisting of two flights that were
conducted December 2019 near th€hofu Aerodrome in Tokyo,
which focused on the evaluation of pilots operating undeYisual
Flight Rules (VFR) communicating through D-NET and sharing
intent and position information within UTM. This work
contributes to defining the necessary requirements for digital
coordination between manned and unmanned operationdJTM
requires the use of operationvolumes, which are spatial and
temporal volumes that encompassUAS flight trajectories and
account for technical performance errors and deviations due to
disturbances (e.g., wind)A series of flights, representing different
missions, used landmarkbased operation volumes and
conformance of the aircraft to those operation volumes were
tracked within UTM. Experienced disaster response helicopter
pilots provided insight on the development of the operation plans
and their usability during disaster response operationsResults
from the flight test supported the suggested benefits of using
landmarks for planning and positional awarenessnd highlighted
the need for Liture researchin advancedvisualization capabilities
to support operationsthat consider both system constraints and
flight deck/airspace management interaction.

flight planning.Despte emerging research on the tofii, this
processcan prove onerous given th&w decisiorsupport
systems have been developed and implemented in pradtiee.
existing process coordinatingission assignments and flight
planning limits illustrates a challenge in increasing the number
of missions and integrating new types of technologies, such as
unmanned aircraft systems (UARecent technologgdvances
have led to increasingise of UAS in postdisaster relief
operations to supporbr replace manned operations for:
reconnaissance, search amgcue and supply deliverieqd2].
Advancements in UAS technology have allowed for reduced
operation costs, quicker missiateployments, and expanded
mission capability These benefitshave promota the
introduction of UAS in disaster response operatiormsjt
challengesremain prevening the widespread use of UA®
support disaster respon3ais work proposes the use of niigs
planning and traffic management technology to address the
challenge of coordination between manned aircraft and UAS
during a disaster response operatids. UAS and manned
aircraft operate in the same airspatiee need for information
sharing, such asurrent position and flight path intent, become
critical for maintaining safe operatisduring disaster response
[3]. The need for coordination is heightened during phases of the
relief operationghatrequire variousypes of aircrafto operate

in close proximityof each otherwithin a target areaFor
example during a SAR operationdAS will perform a mission

to search for survivors, which is subsequently followed by a
rescue mission conductémbm a manned helicopterBoth the
UAS and the helicopterill need toshare the airspade order

to be most efficient at the SAR operati@iven the diversity of
missions and operational constraints during a disaster response
operation the ability to segrag manned aircraft and UAS
within the airspace is more challenging than during nominal
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l. INTRODUCTION

This work investigategoncepts fordefining and sharing
operation volumego describe the intended flight plan of
helicopter mission®perating under VFRupporing disaster

During disasters damaged infrastructure often prevent®sponse missionsThese operation volumes will also be
ground vehicles from accessing geographic areas. To facilitatmmmunicated with the UAS Traffic ManagemefdTM)

an effective response, disaster operatioitesn rdy on aircraft
for reconnaissance, sear@nd rescue (SAR), and supply
delivery missios. Largescale disastergquirethecoordination

system to enable strategic coordination between manned and
unmanned aircrafThis work describes the



1. Design of 4D operation volumes to match the possible and structure where necessary. The integraf
characteristics of VFR helicopter operatiphased on public safety entities and their operations into the UTM
feedback obtained from prior wqrénd ecosystem has been a focus of research throughout the NASA

. . . . Technical Capability Level (TCL) development and

2 ﬁelf:::%rgtéfsgﬁgnziggﬂe%fcg’éo C‘;:g‘;ﬁ;?'?gsgo‘:@éApnodemonstrations. The UTM tec_hno!ogy developmgnt and
conducted in December 2019 near Toklyat mimics rzfssessments fogused on a comsianation awareness d|splay,
disaster responsemissions and evaluats the airspace d_econfllctlon,operatlon prioritization, and coordme_lt_lpn
applicability and usability abperationvolumes of dynamic chang'es to operation intent. These capatylmes

pplicability usability obperatl u support the extension of the UTM concept and technologies to

Section Il of this paper provides a background description ofisaster response efforts and provideriecessary coordination

manned and unmanned operations, mission plapaihtraffic ~ and situational awareness to facilitate a more efficient response.

management systems. Section Ill describes the proposed
operation volume definition based on missions, and Section IYJA
describes how da is communicated between the pilot and

UTM. Section V describes the flight test setup and results, a

Section VI provides concluding remarks.

Standards development is underway for different aspects of
S operations and UTMHowever,currently there exists no
agreed upon standards fomannedunmanned aircraft
ordination. Disaster response aircraft operations offer a
microcosm that could represent a collaborative future airspace
environment. Lessons learned from technology development
Il.  BACKGROUND and integration of manned and UAS aircraft in disaesponse
area can inform future UAS and UTM standards development in
A. Manned and Unmanned Disaster Response Operations organizations like ASTM International and the International
The response to a disaster will ofiemolve a wide variety ~ Organization for Standardization (ISO).
of aircraft assetdrom different organizations such as the
military, firefighting agenciesmedicalagencies, and the media C. Disaster Relief Aircraft Information Sharing Netwdik-
During disaster response operatiansthe United States and NET)
Japan most aircraft operate under visual flight rules (VIR As a means tincreag aircraftsafety and mission efficiency
which requires the pilot to see and avoid other aircraft ancg

: . ”» . during disaster responsdhe Japan Aerospace Exploration
operate under visual meteorological conditions (VMC) to avoi gency (JAXA) has been developinthe Disaster Relief

collisions with terrain and ground obstacles. The need for VFR ;craft Information Sharing NetworkD-NET). The DNET
operations, as opposed to operating under instrument flight rulggsem assistsin the collection and sharing ofdisaster
(IFR), is due to the fact that a large portion of disaster rQSponﬁgormation through the integrated operation of aircsafth as
aircraft assets are helicopters that are not properly equipped iQ&jiconters, UASand satellite$6]. The objective of ENET is
IFR operations and disaster response involves uncertaintigs efficiently acquire data fromnultiple sources, analyzene
during the missiorthat require the pilot to make ethefly 4403 and provide an ojhal resource allocation and flightan
assessments and course corrections to support the operation. e toies which can be integrated inthe planning and
this end, operations under VFR have a higher degree Qkecytion ofescueand responseperations. ENET is designed
flexibility to adapt to the needs of the response mission and capy 5 portableystem for aircraft operation management in the

more easily deviate from a flight plan than operations under IFRqymediate aftermath of a largeale disaster. Thé®-NET
In addtion, operations under VFR benefit frde pilot®ability  tnctions and their interactiomseshown inFigure1l.

to see and avoidther aircraft which can support more aircraft

operating in a target are#owever see and avoican be { INFORMATION PLANNING | | OPERATION
problematic tothe coordination between manned aircraft and Lo N } woe ATEA nodBnon|  CFTMEATON | BRI ey |

UAS. Due totheir size,visual acquisition of SUAS can be | [ ‘ \SAIEE.
difficult for pilots of helicopterg4] P | B L [‘;ﬂpfﬂ s

: : | uav — | “uav |

In contrastUAS can conduct operations using see and avoid | __["* aleerees) J WRGCEET| | s B }
when the UAS is within visual line of sight (VLOS) of the UAS e | LicoeTen)|
operator However, beyond visual line of sight (BVLOS) | i |
operations are conducted primarily by the use of instruments but | T e—

may not be required to operatiederFR. According to the FAA
UAS Traffic Management (UTM) Concept of Operations
(ConOp3 [5], UAS operatingbelow 400 ft can provide an . . ]
operation volume that declares theea and times dhtended The systemconsists of three primary functiansl)
operation. UTM uses the operation volume to supporflata/information acquisition, 2) plannimgptimization and 3)
strategically deconflicthg an intendedbperationwith other ~ operation execution. BNET optimizes based on aircraft

Figurel. D-NET conceptual architecture

operations in the airspace. performanceand assigns missions to eaaincraft Similar to
existingdisaster relief operations, helicopters are responsible for
B. UAS Traffic Management (UTM) providing detailed information on the damage levels and

evacueestransportation missionf®r endangered persqrend

The gbjectives of LrJ]TM are ftO enﬁble a safe and Scab}blﬁ'ﬁe delively of medicines and other goods. Depending on the
approach to support the use of small UAS operations at loW,,4rq quipage helicoptersan alsdransport patients from a
altitude; providing flexibility in use of the airspace where



hospital which has been stricken by the disaster to other safe [ll.  OPERATION VOLUME CONCEPT AND DESIGN

areas/hospitals. This research proposéise use obperation volumesvithin

In contrast, atellites can provide imagery over a wide UTM to define intentfor helicopter operations analogous to
disaster area even in the event of bad weather. Satellite imageéhpse used by small UASn this section,the concept of
can be usedfor example to identify flooded areaq7], operation volumeswithin UTM is presented filowed by a
landslides and bridge damage.-BET uses thalata provided description of thénitial helicopter operation volumgsoposed
by satellite imagery to aid disaster management authorities ghd flight testedduring aDisaster Drill inJapan inOctober
their evaluation of the overall damages and to generate optimg18 The remainder of this section will focus telicopter
manned aircraft assignment and trajectories. operation volumethat weredesigned to meet the requirents

More recently, UAS have been useth D-NET during ©Of manned VFR flightdased on establishetisaster response
disaster responsgerationgo monitor specific areasf interest ~ practicesestablishedJAS volume designs used in UTMnd
[8]. D-NET assigns data acquisition missions to UAS in order téeedback fromthe two experiencedilots duringthe disaster
spare resources from the manned aircraft fledtich then drill.
allows for more helicopterdo be dedicated to criticafescue A. UAS Operation Volumes in UTM

missions
i In traditional air traffic management, flight plans are

The development of thB-NET system requirements and sypmitted prior to each flight to the service provider to inform
functionaliy was based on feedback and collaboration withthem of the flight intentions. In UTM, this intent is expressed in
responders and coordinatotsat currently support disaster the form of an operation plan[5]. According tothe UTM
response operationg\s aresult, D-N E T @rdboard mission ConOps,te operation plan fdAshoul d
support systens currentlyinstalled on all firefighter helicopters  gjrspace within which the operation is expected to occur, the
in Japan Al D-NET 6 s f uynandt capabiliaHas een times and locations of the key events associated with the
tested inlargescale disaster drél and numerous flight tests gperation, including launch, recovery, and any other information

involving pilots with disaster relief experience. deemed important (e.gegmentation of the operation trajectory
_ _ _ by t i meysesiperdtidn Mblumes to confirm theseeno
D. Prior D-NET and UTM Integrated Flight Testing spatial and temporal overlgwith otherairspace constraints and

Although UAS have been used in-NET, a need was operation volumes from other UAS operators in the airsjface
identified © further increase safety and promote greater this disaster responsesearchit was assumed UTM would not
application of UAS ¢ disaster responsélo that end,a  allow operation volumes to intersect in time and space
collaboration was established in 2016 betwelyXA and Therefore the operation volume represented an airspace
NASA to conduct researdnvestigating the integration of the i r € s e r v a@hsuredthat nd pleeparture conflicts would
D-NET and UTM system§9]. In 2018 a joint flight test was €Xist. Figure 2 presents an example of two operatiamihin
conducted in the Ehime Prefecture, Japan, that was part of M. The operation on the left is a singular volume operation,
national largescale disaster drjll which highlighted the while the operation on the right is a mdégmented operation
importance of heterogeneous manned and unmanned opsrati Volumewhere each ggnent has a beginning and end time
in disaster responsghis test alsoevealedseverakhallenges of
the current operational concepts and technologiesneO
identified challenge was a discrepancy between the
interpretation of operation volumes within UTM. As a means to
provide safe separation between operatiidy requires the
definition of spatial and temporablumesthat encompaddAS
flight trajectoriesandaccount for technical performance egor
and deviations due to disturbances (eagnd) [5]. Given that
most UAS operate by following prgrogrammed waypoints, the
operation veumescan be relatively small based on the known
performance of the UAS. In contrast, when assigriigmes
to a piloted operatiounder VFR,the volumes needo be
sufficiently large to account for nemaypoint operations but Figure2. Sample UASperationvolumes
small enough to provide easf visualizatiorior the pilot. It was . . .
evident thrgugh t%e testing that the notion of decl%ring intent an%' Hgllcopter Qpefa“O“ Volumes at Ehime Prefecture
monitoring conformance needs to be consistent with the Disaster Drill Flight Test
expected behavior of the operation. The sharing of intent and During the flight test in Ehime Japanin October 2018,
strategiadeconflicton of intendedbperations provides a suitable J AXAGs experi mental heloiUdA®pt e
means for reducing the required performance for tactical conflidf the sameai r space. The helicopt
management mitigationslowever,to be effectivethe defined represented withit/TM as a planned mission with an assigned

operation volumes need to be flexilaled easily understodd  operation volume similar tiloseof UAS operationsPostflight
the airspace users. interviews with the pilots suggested that thee-designed

operationvolumesufficiently covered the airspace occupied by
the helicopterduring the missiornbut the pilot could not easily
confirm the relative position of thaircraft with respect tahe




volumeboundariesincethe onlyvisualreferencevailablevas  densely populated areasTherefore, a VFR flight with

a statidmage of thegeographiomperationvolumeprovided in a  unspecified cruise altitude can fly between approximately 500

pre-flight pamphlet Flight track data from thelifht testalso  ft and 3000 ft.

indicated that the pre-defined operationvolume could be

reducel for more efficient airspace usaig}. D. Operation Volume Design of Disaster Relieflidopter
Missions

C. VFR thht, P.Ians ) . Discussions with pilots and dispatchers after the Ehime
~ In Japan, it is a common practice thaibpto each VFR  prefecture Disaster Drilh 2018suggested thahe operation

flight the pilots file a flight plan containing information on the yolume shouldiepend on the mission type. In this research we

aircraft identification, departure aradrival airports and times, focused onthree missionypesin the design of volumesl)

flight route, cruise altitude, speed, etc. If the aircraft is not at itPointto—point movemen(transfer) 2) Reconnaissancand 3)
arrival destination and has not contacted ATC 20uteisafter  Search and rescy8AR).

the arrival time noted in the flight plan, search and rescue . . . o
operations will be initiated. Aerefore, the flight times in the 1) Pointto-point movemen®ointto-point flight segments
flight plan usually reflecttaf@hdepicogftgso!l | gdentiitohnesr amgacr
However given the dynamic nature of disaster respons@utopilot. Manual control is preferred when the target point is
missions flight plans filed for response missionmclude a ~ near and is visible (up ®.5 nmiahead on a clear day). Pilots
considerablé¢ime margin often use major landmarks such as maimpeaks €.g., Mt.
_ ] Fuji, Mt.Tsukuba, etc.) when the target is relatively far and
_ The flight plandfiled for the purposes of tieecember 2019  syjitch to smaller landmark=.@., towers, factory chimneys,
flight tests discusseth this paperalso followedsimilar best  etc ) as they get closéFhe pilot may use the flight director to
practices The helicopter took off and landed at Chofu aidin navigationas well.Control by an autpilot requires a pre
Aerodrome, TokydseeFigure3) and onductedts misson in - programmed set of waypoints and is therefore often used in the
J a p KantAoshinetsueivil flight test area initial and final segments of the flight, like the connecting
segments between Chofu Aerodrome and the KkKalrspace
36.1 R o | shown in Figure 3 by volumes outlined in blaBlew deiations
' from the route are expectddringpoint-to-pointoperationsso
ey the lateral allowance of the operation voluofien isrelatively
small. The operation volume within UTM fdsoth manual and
autopilot operations considers thetendedflight path of the
8 aircraftas the centerline within a mukegmented volume. The
width of the operation volumeas 05 nm lateral from the flight
path centerline, based on input from the pilots of expected flight
1 technical errorOnce the helicopter takes off and ¢hes its
planned cruise altitude, minimal altitude deviations are
expected, so theoperation volume was constrainedto a
geometric altitude between 0 ft and 5000Fr each segment
of the operation volumes withUTM, a start {imeegi) and end
(time.ng time must bedefined The timeintervals for each
segmentof the pointto-point movement can be calculated
based on the average cruise speed and distance between two
. waypoints. To account for early takéf, a buffer of 10 min is
added to thatart time of the firstight segmentind to account
for any departwe and flightdelays a buffer of 10 min is added
3 last flight segmentFor this December 2019 flight test the
ChoftiAeiodroms ability to dynamically update the operation volume times due
to a delayed departure or arrival was not supported.

36.05

36
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Latitude [deg]

Pointto-point
Reconnaissance 2) Reconnaissancdkeconnaissance n3igns are essential
Search and rescye for fastand efficientdisaster response. Right after the disaster,
‘ no information on the damage and rescue nesgigilable. In
particular, information on ground infrastructueed.,road and
railroad conditios, bridges, etc.andthe extent oflooding and
landslidesare crucial for efficient and timelyresource and
personnel allocation. Flights performing reconnaissance
For operations under VFR irapanthecruise altitude does missionshave more uncertaintsegardingthe intended flight
not need to bepecified as long as it is less tHa®00 ft above path andthereforeare not as static g®int-to-point movement
ground or waterseeAlP ref ENR 1.32 [10]. While in flight,  operations During the flight, @tailed observatioby the pilot
the aircraft has to maintaaminimum safety altitude as defined might require route deviations and longer time to examine the
by Article 81 of the Civil Aeronautics A¢L1] and aminimum  damage and confirm the number of evacuees. Unlike fmint
safety altitudes00 ftabove ground or water surfagpart from  point movement, the flight control is manual only. Aoding

35.7 1,15

35.65 '
139.5 139.6 139.7 139.8 139.9

Longitude [deg]

Figure3 Operation volumesategorized by segment purpose



to preflight interviewswith disaster responderthe pilot often  Once the operation plan was received, the UTM system verified
navigates bytracking landmarks such as rivers, bullet trainthat the operén volumes were not in conflict with other
lines and highways. When the pilon the right seais in  operations and airspace constraints. If no conflicts were
control, they will fly so that the landmark is seen on their rightdentified, the operation state transitioned from Proposed to
side. Flying along a landmark offesshigh level of stable  Accepted. The UTM users, including the helicopter crew, were
positioral awareness. Therefore, for reconnaissance missionsptified of the operation stateansition via messages from the
operation volumes were defined to follow geographic UTM system. Subsequent state transitions included Active,
landmaks. As UAS donot typically leverage visual cues for Non-Conforming and Rogue, and Closed.

navigation the definitionof landmarkbased operation volumes

for flights under VFRs novel withinthe UTM conceptldeally, GPs satel 8 idiu atellte
the reconnaissance mission volamean support very 1 %@@//ﬁ,‘ .
complicated shape but in our initial designs we oetl for Positioning Y\ .\,;\o(‘\(\./// ot
simplified polygons defined by no more than 10 vertices. The -2 32~ S~
volume geometry is defined as polygons with a center linep-Net Mg, .
relative tothe landmark and a buffer approximately0.5 nm Japan D-PAS onboard h ridim Ground
on each side. Theffectivetimes (pre-flight estimation)or the JAXA helicopter
volume is calculated based on average reconnaissance speed Telemetry
typical for such aircraft and missiomsth a buffer of 10 min Qperation volumes o Jelemetry ”
ad ded . Internet
D-NET server
3) Search and rescueThe third disaster relief mission ’M
modeled ighesearch and rescueAR) of victims. The search Operation volumbs
i s usual ly initiated aftert i fo;gation on t he viction
approximate location is received at the disaster operation Q
. . . . . 1 D-NET Ground D-NET Optimizer N N
center. Therefore, a typical flight pattern consists of circling, S0 sounkum Accept/reject operations UT™
around t he e kqatordraeudlly expanding thé s L Ll ] USA
radius until the victim is visually identified. The rescue depends Telemetry
on the terrain and helicoptequipage the helicopter can either Operation volumes (.
land to pick up the victim or send rescue personnel to hoist the UTM server
victim if landing is notsafe. During hoist, the helicopter hovers
over the victimés |l ocation. Once the victi M ¥ on board,
transported to a safe locatiaften to a nearby evacuation point
or field. Due to the minimum safety altitude constraints Figure4. Flight test configuration and basic information flow

prohibiting landing ovethe rescue site during the flight test  , order to monitor theosition of the helicopter from the
the rescue is modeled by adding a hovering segment to the, \ng and relay the position information to UTM;NDE T 6 s
trajectory. The lateral part of the operation volume fARSs onkiJoard mission support system-FAS) was used. PAS is

f

then designed as a square 1 nm on each side, and no additiopgy portable system and can be brought onboard the aircraft
altitude constraints are impes Based on pilot input, & 55 needed. It consists of three main ponents: a satellite

assume &R can be completed in 10 min. transmission component, a digital antenna, and a teacen
) ) ) display that enables manual input on behalf of the operator
E. Flight test scenario and operation volumes onboard the helicopter as shownFigure5. D-PAS enabled

Two flights were conductedo verify the volume design position data sharing between the aircraft and the ground. In
concepts presented above. Each flight consisted of 15 volumdight, once the helicopter telemetry was received by teHT
6 pointto-point movement perations(including transport of ~Servers through DLinkUTM, it was sent to UTM, which

evacuees)7 reconnaissance operations and 2 search and res¢i® Ni t or ed t hoemarce to tsropefatiod woluntes n f
operations. and issued alerts to the helicopter crew and ground personnel as

necessary. The position of the helicopter was also tracked by D
NETOs ground personnel via t
IV.. DATA FLOW CONFIGURATION system, which included information on eption volumes

The flight test configuration showin Figure4 depicts the obtained through the DIET server. The above data flow
interactions between the aircraft, -NIET systems, and the configuration allowed for regime communication among all
UTM system.I n t his flight t e st , paftidipants With minimal gbseeveddasenciesp héghlighting the
volumes were designed manually as part of theéNEX  global applicability of the system architecture as testedh&ur
operation planning process. In future research, this task will begetails on the initial architecture and overall concept of
assiged to DNET 06 s optimizer, r e sopeavations imcluding bbtle mannedeasdounmanned aircraft can
allocation, mission assignment, and route generation. Priortote f ound i n thg@l.authorsdé past
takeoff, the operation W&T umes were sent from JAXAb6s D
system to NASAO6s UTM system as an operation plan wusing
translator software, denotad DLinkUTM, which enables real
time communication between-BET and UTM. DLIinkUTM
was developed and tested in the disaster drill tests in[3D18



engineers, and systems administrators that monitored the test
remotely through visualizations from the UTM data exchanges
GPS/Iridium dual antenna as well as commueations with the teams in Japan.

Antenna cables:
Iridium and GPS |

= ST A2 I1RH
el B
o g = £
e

USB cable

Satellite transmission device Touchscreen display

Figure5. D-NET onboardnission support system {PAS) components

V. FLIGHT TEST
. . . Figure6. J A RKND7<LC2researcthelicopter shortly before takeoff at
In December 2019, live flight test was conducted in Japan 9 Chofu Aerodromen the first da’;, of the ﬂight test

to test thepilot-informed, landmarkbased,missionoriented

approach to operation volume design and mermation g Flight Preparation

sharingof associated operationsider VFRin a D-NET/UTM

integrated environment. The test involved two sorties of a As mentioned in SectionlC, the main part of the flighbat
manned helicopter that flenepresentativedisaster response simulaed disaster response missions took place in civil flight
missionswhile adhering to the operation volumes and trackedest area Kanto/Koshinetsu Areat{KK4-4). The test ares

via supporting BNET andUTM systems. located approximatel27 nm away from the takeff airfield.
The flight portion from Chofu Arodrome to KK44 and back
A. Test Setup and Locations was also used to simulate petotpoint movemenftransit)(see

. ) Section [ID1). Once in KK44, each mission the helicopter
The flight test was supported by multiple personnel acrosgonducted wain relation to a specifioperation volumdi.e.,
two main locations: ENET based in Tokyo, Japan, and UTM one mission per volumeEach volume wasirst defined by a
based at NASA AmeResearch CenteUSA. polygon with 4 to 10 vertices. Rfight estimates of volume
The flight itself took place itthe Tokyo vicinity where B entry and exit times were determined based on discussions with

NET 6 s waslkecated. The aircraft used in the flight tegts the pilots. The times accounted for average mission speed and

JAXAGS r es e at2kBK11h@2, showva ipFigare distance to be covered, mission time includingetiouffers to
6. The helicopter has an 8 person cap,aagﬁycrew and 6 @ccommodatany uncertainties, and additional information on

passengers), but in this flight test 4 persomveske onboardthe ~ auXiliary waypointsthatmight be used by the crewhe gcew
aircraft 2 crew and 2 researchefEhe pilots and researchers V&S advised to comply strictly with the buffered entry and exit

were the same for both flightShe main pilotwas a veteran tMes for eachvolume segment. The temporal buffers were
with more than3500 hours flight experience with Japan defined sufficiently large to account foncertaintiesluring the

Maritime SelfDefense Forces, Seneti Fire Fighting Fleet CPeration

and JAXA.The copilot had several years of experienees To simulatereal world disaster recoveryperatiors, the
police helicopter and disaster response helicoptet. pfihe  crewwasassigned detailed missions for some flight operation
main pilot was always flying the aircraft, while theitot was  yolumes in advanc&or examplea mission suchad, Con f i r n
Iooking atthe ﬂlght booklet and providing verbal assistafbe. Hoshubana Bridge has not Co||ap$1:)d aralateddetails were
test included two pilots to modekalistically real disaster explained at the prlight meeting Additional missions were
response operatiorReal time positioning data was transmitted given to the crew bgresearcher onboard the helicopter during
via D-PAS through the dual antenna attached to the front Shielgqe flight without prior announcementh& operation volume
The transmitter was secured on the floor and the displayrwas information was given to the crew on paper, summarized in a
the hands of a researcher. Apart from th@®AS transmitted  flight booklet. This booklet consistedf the entire flight and
telemetry, positioning data from the aircraft measuremenissociated volumea summary of the entry and exit times for
system was also available for pestent analysis. The gl 15 volumesandinformation on each individuablume.The
hellcopter took off and landed at Chofu Aerodrome in TOkyO. p||0ts were provideﬁ]formation on the mission tymsociated

Another team of resechers supporting INET6s -gr %’W Ragh operation voluméne entry andexit waypoints and

based system was on stati oferacpordigagesfight imecastgnatgs and opffgrgtimgsm e
Research Center, where flight plan submissimmtheD-NET ~ Submitted to UTM.

to UTM systemawvere performe@nd the progress of the flight .

was monitored A third team was located at MM Ames C. Flight Test Results

Research Center in Californiat the Airspace Operations  por theprimarydatacollection flight, hetesthelicopter took
Laboratory. The team consisted of NASA researchersyff from Chofu Aerodrome at 12:58Tand landed at 14:55T



without incident Prior to takeoff, b e
characterized by thel5-segmentoperation volumeswas
submitted to UTM asn operationglan via DLIinkUTM and

hel i copt,erségnenfld andydamteringedmentll at 13:58 JSTwhere the

vehicle was outside of the expected volufme2 s andc) in
operationvolumesegmentl4 where the helicopteras outside

ACCEPTED at 12:41JST Once accepted, the operation of the volume bounds at 14:37 JSinhd returnedl90 slater.

volumes shown in blu€Figure 8) and the helicoptés current
position shownasa brown arrowwere visible on BDNE B 6
Ground Mission SuppoBystemin Japan and to the UTM team
in the USA on specialized displays

While in flight, reatt i me moni t or i
position was based on data fromNDE T 6 s
support system (IPAS) and provided through DLIinkUTM to

ng

UTM. Conformance monitoring of the submitted position

updates relative téhe operation volumewas performed by
UTM throughout the flight Helicopter positioning data
transmission from ENET to UTM was initiated at 12:43ST,
which changedheflightd s o0 p e tedoACTVE. AS itera
to note is that position updates transmitted IPAS were
availableonceevery 20 scondsHowever,becausehe UTM
systemrequired more frequent position reportst once per
second the same position was sent frorNET to UTM until
the nextupdatedposition report was available.

The flight status remained ACTIVE until 13:4$Twhen it
became NONCONFORMING, indicating temporal or spatial
violation with the operation voluméfter 31 sin the NON
CONFORMING state the operation state turned to ROGURIE
13:50:20which implied thdlight was notonforming to its plan
as expectedn the implementation of UTMt the time of this
test the ROGUE operation staterepresenteda significant
deviation from the intended operatiptan andwasa terminal
operatiorstate Thereforga transition back to ACTIVEvasnot
possibleafter the first instancélowever, positions continued to
be sent to UTMor the entirety othe flight until the opeation
wasCLOSED at 15:01ST, after landing at Chofu Aerodrome
was confirmed.
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Figure?. Flight path of helicopter as flown relative of operation volumes

In total, hie helicopter went outsid# its operation volume
on three occasions:a) initially when performing a
reconnaissance missiondperationvolumesegmens whereit
was nonconformingat 13:49 JSTfor 55 sand subsequently
transitioned to ROGUEDb) when leavingoperationvolume

b

onboar

These are refeedto as Violations a, b andin Figure 10 The
helicoptefs positionswith respect to the operation volumes
throughout the flightare shown inFigure 11 The blue dots
indicate the helicopter was flyinip conformancewithin the

e pectﬁdﬁlt\:/tive 45 oqerationvoluge. The red dots show the
ésitio s'Wwhien. eehelfco(btgrR/v senE)t?:o%forming to its flight
vBlumé! LI'r‘isepﬁéiti(?naata used for this analysissobtained by
the onboard aircraft measurement systémmore detailed
description of each observed violatialdéws.

Violation a (operationvolume segmen8), shownin Figure
8, occurred during the reconnaissance mission along the river in
which the pilot confirmed their relative location to the river
visually. The main pilotvasseated in the right seand flewthe
helicoptersuch thathe river wasalways visible fronthelower
right windowfor easy referencas depicted ifrigure9.
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Figure8. Breach of volume 8 by helicopter

In operationvolume segment3, the helicopter was flying
north, so the entire trajectory shifted to the west along the river.
The distance between the helicopter and the river is shown i
Figurel0. The blue line shows the distance between the vehicle
and the river (the portion of the n@onforming flight is shown
in ochrg, the magenta line sk the distance between the
volume edge and the river and the dotted black line shows the
0.5nm threshold proposed as a threshold by the pilot according
to their flight experience. The distance between the helicopter
and the river varied between 0.28 nnd @46 nm, so even when
it was nonconforming, it was within the 0.5 nm threshold.
Therefore, had the volume edges been designed to be at least 0.5
nm at every point, the flight might have stayed confornilings
discrepancy in the volume definition ancethiisual tracking
caused the eventual ROGUE operation stdtavever, it also
stressed the importance wfattime situational awareneger
volume compliance.

Violation b occurredwhen the flight was leavingperation
volume segment10 and enteringsegment1l where the






